INTRODUCTION
Since Claude Bernard (1) first noted the disappearance of sugar from drawn blood in 1856 this phenomenon has been the subject of much interest and investigation. Following the discovery of insulin, studies on glycolysis were made with renewed interest in the hope that experiments in vitro might shed some light upon the r6le of insulin in carbohydrate metabolism. The rate of disappearance of sugar from blood in vitro and the rate of glycolysis are commonly considered to be synonymous, a custom which will be followed in this discussion. The accumulated data on glycolysis show a very striking lack of uniformity. The purpose of this report is to present a series of observations on glycolysis and to discuss some of the principal factors influencing the rate and the amount of sugar glycolyzed.
METHOD
Patients in the University Hospital served as subjects for the following experiments. They were unselected except that no patient with an abnormally high nonprotein nitrogen content of the blood was used. From each patient 10 cc. of blood was drawn two or two and one-half hours after a meal. This blood, with the exception of one-half cc. for the determination of the initial sugar content, was transferred immediately to a sterile 50 cc. Erlenmeyer flask containing a bent paper clip. The flask was loosely stoppered with sterile cotton, shaken for fifteen minutes to defibrinate the blood and incubated in a moist chamber at 370 C. The blood was well shaken before and after each of the sugar determinations, which were made at two hour intervals according to the method of Gibson, Mitchell and Larimer (2) . (10) , and by Dickens and Simer (11) . Hence all data obtained with blood to which oxalate, citrate or fluoride has been added cannot be compared with results obtained without the use of these anticoagulants. Defibrination or heparinization of blood does not affect the rate of glycolysis (3) (4) (12).
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Of other extrinsic factors which might influence the rate of glycolysis, temperature is of great importance. Claude Bernard (1) -employed a temperature of 150 C., Lemann and Liles (8) kept their specimens of blood between 90 and 110 C., Denis and Giles (13), Mauriac (14) , and Stammers (15) all used "room temperature." Thalhimer and Perry (16), Cajori and Crouter (17), Katayama (18) , Negelein (19) and Mackenzie (20) used a temperature of 37-38°C. Burger (9) demonstrated that the optimum temperature for glycolysis was 370 C., an observation which has been confirmed in this laboratory. It is to be regretted that the data on the rate of glycolysis given by different investigators often cannot be compared because standard temperature conditions were not maintained.
The influence of the initial sugar concentration on the rate of glycolysis has been the subject of much discussion. continues to be about the same for six hours, even though the concentration of sugar is decreasing steadily. The decrease in the rate of glycolysis which occurs after six hours is probably due to mechanical and chemical damage to the blood cells. Cajori and Crouter (17) and Macleod (22) have demonstrated that exogenous glucose is glycolyzed at the same rate as endogenous blood sugar. This fact has been confirmed repeatedly in this laboratory. As additional proof of the lack of influence of the initial blood sugar content on the rate of glycolysis Table III is inserted to call attention to the glycolytic rate of the blood of a patient with diabetes mellitus both before and during management by diet and insulin. The effect of insulin on the rate of glycolysis is also of interest. Three cases are presented (Table IV) to demonstrate the effect of insulin. In these cases, blood was withdrawn from the vein of one essential as a carrier of glucose for the cells; the author has shown that Tyrode's solution may be substituted for it without affecting the glycolytic rate, and Kawashima (30.) has substituted physiological salt solution and Locke's solution with equal success. Rona and Doblin (31) and von Noorden (32) attributed some glycolytic power to blood serum, but it is conceded by Irving (12), Milne and Peters (33) and Macleod (22) that neither blood serum nor plasma is able to glycolyze any of the sugar which they contain. The erythrocytes are the cause for the disappearance of much of the sugar in vitro. Bloods containing large numbers of erythrocytes glycolyze sugar more rapidly than bloods containing fewer red blood corpuscles, other ihings being equal. The results of a typical observation of the rate of glycolysis in a normal blood and in the same blood when the cellular elements are diluted with its own serum are presented in Table V . In Table VI the glycolytic rates of anemic bloods (35) . Falcon-Lesses (3) and Cook and Somogyi (36) reached a similar conclusion after studies of the glycolytic rate in erythremia. Not only is the concentration of erythrocytes a factor in glycolysis, but the nature of the red blood corpuscles is important. It has been demonstrated (37) that in diseases of the hematopoietic system characterized by great bone marrow activity and the releasing into the blood stream of great numbers of young and even immature red blood corpuscles there is a marked increase in the amount of sugar glycolyzed. In this connection it is interesting to note that Harrop (34) , Morawitz (38) and Derra (39) have reported the increased use of oxygen by immature erythrocytes. No attempt was made in this study to correlate the rate of glycolysis and the oxygen consumption but, in view of the conclusions drawn by Glover, Daland and Schmitz (40) regarding the oxygen utilization and glycolytic rate of normal and leukemic leucocytes, such a study is desirable.
Of importafice, also, in the study of glycolysis is the glycolytic power of the leukocytes. Although they exist in blood in relatively small numbers, they have a high glycolytic power, as may be demonstrated by the increased rate of disappearance of sugar accompanying slight leukocytosis. Table I shows the high glycolytic rate characteristic of leukemia. This observation has also been made by Glover, Daland and Schmitz (40) , Falcon-Lesses (3), and Lepine and Boulud (41) . However, as pointed out by Burger (9), Falcon-Lesses (3) and Schmitz and Glover (4) in their observations of chronic myelogenous leukemia and lymphatic leukemia, the amount of sugar glycolyzed is not necessarily in proportion to the total number of leucocytes present. This suggests that the various types of leucocytes have different glycolytic abilities, and that it is the young leucocytes (particularly the cells of the myelocytic series) which possess the greatest glycolytic power. This is revealed very clearly in Table I and has been emphasized by all investigators studying glycolysis in leukemic bloods. Lymphocytes, on the other hand, possess a lower glycolytic activity, as is demonstrated by the fact that the blood in lymphatic leukemia utilizes much less sugar per unit of time, although the number of white blood cells may be as great as in myeloid leukemia. Mauriac (42) , Burger (9), Macleod (43) and the author have shown that polymorphonuclear leucocytes are endowed with a much greater glycolytic power than mononuclear leucocytes.
It may be postulated that the endothelial cells have glycolytic ability, but these cells occur in the blood in such small numbers that they can be of very little importance in the utilization of sugar. Blood platelets which Warburg (44) states have a measurable oxygen consumption can scarcely be much of a factor in glycolysis, especially if they are effectively removed with the fibrin during defibrination as Harrop (34) believes.
SUMMARY AND CONCLUSIONS 1. A study of the rate of glycolysis in bloods from 80 different patients with widely different diseases is presented.
2. There is no correlation of the age or sex of the patients and the rate of glycolysis.
3. The glycolytic rate is markedly influenced by temperature. Glycolytic studies should be performed at 370 C.-the optimum temperature for the disappearance of sugar from blood in vitro. 4. Citrates and oxalates, when used as anticoagulants, retard glycolysis in drawn blood in proportion to the amount in which they have been added.
Fluorides arrest glycolysis. Defibrination or heparinization does not interfere with the rate of glycolysis, and blood so treated should be used for glycolytic studies.
5. The rate of glycolysis bears no relationship to the initial glucose content of the blood. 6 . Glycolysis in vitro is not affected by insulin. 7 . Both erythrocytes and leucocytes are responsible for the glycolytic power of blood, and their number, type, age, and physiological integrity are important factors. 8 . Glycolysis is a complex process involving certain variables which must be controlled if the results are to be correct. 34 517
